THERMOFORMING MOliD, THERMOFORMED ARTICLE AND PROCESS FOR 
PRODUCING SAME, AND LAMINATED MOLDING ARTICLE AND PROCESS 
FOR PRODUCING SAME 

HI 5 Fleia of the Invention 

fl Tlxe present Invention xelatee to a theiroof ormlng mold , 

a tliermoformed article and a process for producing same, and 
a laminated molding airtiole and a procefis for producing same . 



10 Background of the Invention 
D As a process for decorating a resUi molded article, 

there Is known a process comprising the steps of; 

(1) obtaining a decorated sheet or film made of 
polymethyl methacrylate resin; 

( 2 ) thermof ormijig the sheet with a thermof orralng mold 
to obtain a thermof ormed article; 

(3) setting the thermof ormed article on a cavity side 
of a mold; and 

(4) injecting a molten resin for a substrate into the 
mold to obtain a laminated molding article, which contadlns 
the injected resin as a eubstrate and the thermof oxroed article 
bonded with the substrate. 

In the present invention, the term, "sheet or film*, 
is hereinafter referred to as "sheet" for brevity, in the 
above process, a decorated thermof ormed article in a sheet 
form is laminated by bonding on a surface of the resin molded 
article as a substrate* Here, the phrase, "decorated 
thermof ormed article in a sheet form", means (i) a 
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t:hexmof oxnaed article in a £Eb&et form whicli is superior in 
its surface glossiness, and (ii) a tbemtof ormea article in 
a sheet form which is colored or printed - 
O a knovwi process such as the above-mentioned known 

process, a thermoformed article made of polymethyl 
methacrylate resin has been extensively used in order to 
satisfy both surface glossiness and scratch resistance of 
a laminated molding article obtained. From a viewpoint of 
cost and environmental protection, namely reduction of waste 
materials , it is desired to replace the thermoformed article 
made of polymethyl methacrylate resin by a thermoformed 
article made of a crystalline olefin resin, which olefin resin 
is low in cost and superior in recyclablity • 

However, when the above-mentioned process is carried 
out using a crystalline olefin resin in place of polymethyl 
methacrylate, a thermoformed article obtained in step (2) 
has an insufficient surface glossiness, which is caused by 
whitening and coarse surface thereof. As a result, a.laminated 
molding article obtained using said thermoformed article also 
results m an unsatisfactory quality (refer to JP-B 60-13815 
and JP-B 60-30537). 
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Summary of the Invention 

It is an object of the present invention to provide a 
25 thermof orming mold, which is capable of giving a thermoformed 
article having a superior surface appearance and 
recyclabillty. Here, the phrase, "thermoformed article 
having a superior surface appearance", means (i) a 
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tliearmof ormed article having a supex-lor suocface glossiness, 
an<a (li) a ttiarmof ormed. axticle exhlblUlng a color or print 
having deep appearance, when said thermoformed article Is 
colored or printed. 

It Is another object of the present Invention to provide 
such a thermof ormed article and a process for producing said 
thexroof ormed article . 

It is a further object of the present Invention to 
provide a laminated molding article comprising such a 
thermof oxmed article as an outermost layer, and a process 
for producing said laminated molding article. 

The present inventors have undertaken extensive 
studies to accomplish the above-mentioned objects* As a 
result, it has been found that a thermof orming mold having 
a surface roughness (Ra) of not more than 0,l//m can give a 
thermof ormed article having a superior surface appearance, 
and thereby the present invention has been obtained. 

The present invention provides a thermof orming mold 
having a siarface roughness (Ra) of not more than O.lMm. 

Further, the present invention provides a thermof ormed 
article comprising a crystalline olefin resin, which eirtiole 
has a surface roughness (Ra) of not more than 3Wm. 

Still further, the present invention provides a process 
for producing a thermof ormed article, which comprises the 
steps of; 

(i) heating and softening a crystallln olefin resin 
to obtain a sheet thereof; and 

(ii) thermof orming the sheet with a thermof orming mold 
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iiavlng a smrface rougliness (Ra) of not more tl:>an 0,1 um to 
obtain a tliennoformed article liaving a surface roughness (Ra) 
o£ not znore tnan 3 Mm. 

AdditlonalXy, tli© present Invention provides a 
5 Xaminated molding axticle. wlxich comprlees: 

(i) a tliermof ormed article containing a carystalline 
resin, and having a surface roughness (Ra) o£ not more 

than 3 Mm; and 

(ii) A substrate containing a crystalline olefin resin, 
m ^0 Still additionally, the present invention provides a 

process for producing a laminated molding article, which 
comprises the steps of: 

(i) heating and softening a crystalline olefin resin 
to obtain a sheet thereof? 

(ii) thermof orming the sheet with a thermof ormlng mold 
having a surface roughness (Ra) of not more than 0.1 Hm tb 
obtain a therrooformed article having a surface roughness (Ra) 
of not more than 3A^m; 

(iil) setting the thermoformed articla on a cavity side 
20 of a mold; and 

(^v) injecting a molten crystalline olefin resin into 
the mold to obtain a laminated molding article , which contains 
the injected resin as a substrate and the therrooformed article 
bonded with the substrate. 
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Detailed Description of the Invention 

The thermof orming mold In accordance with the present 
invention has a surface roughness (Ra) of not more than O.l 



Mm, preferably not more than 0.08ju.in, and morck preferal>ly 
not moire than 0,06/im. Tlie phrase, "surface roughness", u^ed 
±n the present Invention means a central line average 
p roughnee$, Ra, measured, according to JIS B0601 with use of 

%| 5 a microscope for surface measurement, type VF-7500, 

manufactured by KEYENCE CORPORATION. 
^ The thermof orming mold In accordance with the present 

fy Invention Is not limited In Its foxrm and Its preparation 

method. For example, the thermof orming mold can he easilv 
ftl 10 prepared hy covering a surface of a known thermof orming mold, 

£2 Tfrtolch known mold is made from a metal or a thermosetting resin 

such as an epoxy resin, with an aluminum sheet having a surface 
roughness of not more than 0«lA6m and a thickness of 300ft 
m with the aid of a double bond adhesive tape, wherein the 
IS known mold has a surface roughness of more than CI Mm, and 
the known mold may be either an existing mold or a newly 
prepared mold* As the aluminum sheet, for example,^ a 
conventional aluminum sheet, which is usually used for press 
molding of a resin, can be used. 

The "orystallino olefin resin" used for producing the 
thermof ormed article In accordance with the present invention 
means a cirystalllne homopolymer of an olefin, oir a crystalline 
copolymer of two or more olefins. The olefin is not limited 
in its kind. Preferred olefins are those having 2 to 10 oeucbon 
atoms. Examples of the olefin resin are a homopolymer of 
ethylene, a homopolymer of propylene, a homopolymer of 
1-butene, a propylene/ethylene copolymer and a 
propyl ne/l-butene copolymer. Preferred olefin resins are 
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a homopoXymer of piropyl^ne and. a copolymer of propylene with 
at least one olefin having 2 to 10 carbon atoms other than 
propylene, such as a propylene /ethylene copolymer and a 
propylene/ 1-butene copolymer. Preferred copolymers etre a 
5 random copolymer and a bloclc copolymer- Both of said preferred 
copolymers comprise 60 to 99% by weight of a structure unit 
derived from propylene, which unit is hereinafter referred 
to as "propylene unit" , and 40 to 1% by weight of a structure 
unit derived from an olefin other tlian propylene^ which unit 
10 is hereinafter referred to as "olefin unit* . Of these, a more 
preferred olefin resin is a propylene homopolymer Having an 
mmmm pentad % of preferably not lees than 0-95, and more 
preferably not less than 0.97- The above-mentioned block 
copolymer can be produced according to a process described 
15 in, for example « JP-A 61-218606. 

If desired, the above-mentioned crystalline olefin 
resin may be used in combination with a 'suitable amount of 
various additives usually used in the present field such as 
nucleating agents, antioxidants, ultraviolet ray absorbers 
20 and flame retarding agents. 

A surface roughness (Ra> of the thermoformed article 
in accordance with the present invention is not more than 
3Um, preferably not more than 2 Mm, more preferably not more 
than 1/^m, and most preferably not more than 0-05 X^m. A 
thickness of the thermoformed article is preferably from 50 
to 700 Urn, and more preferably from 50 to 300jc^m, from a 
viewpoint of easiness of cooling of the thermoformed article . 
The thermoformed article in accordance with the present 
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±nven1:±on lias sucli a small sux-face xoughness« namely, a 
superior surface smoottxness , that it has a superior surface 
glossiness. 

The the3:tnof ormed. article in accordance with the present 
5 invention may have one layer or two or more layers . For example , 
when a two layered thennoformed article comprising a 
transparent layer and a printed or colored layer is used in 
m order to produce a laminated molding article so as to arrange 

said transparent layer as an outmost layer, the obtained 
RJ 10 laminated molding article can exhibit not only a superior 

□ surface glossiness but also a print or color having deep 

appearance, wherein the printed layer or the colored layer 
in the laminated molding article is protected by the 
transparent layer of the outermost layer. Such a laminated 
15 molding article will be explained hereinafter. 

A total haze of the thermof ormed article in accordance 
with the present invention is preferably not more than 5%, 
and more preferably not more than 4%. An inner haze of the 
thermof ormed article is preferably not more than 3%, and more 
20 preferably not more than 2.5%. The thermof ormed article 
having both the total haze and inner haze within the range 
defined above can give a more superior surface glossiness 
and a deeper appearance to a laminated molding article in 
accordance with the present invention. Additionally, when 
25 the above-mentioned two layered thermof ormed article is used , 
the transparent layer having both the total haze and inner 
haze within the range defined above can give a more superior 
surface glossiness and a print or color having deeper 



appeairance to a lain±nat:ed molding article in accordance with 
the present invention • 

The thermof ormed article in accordance with the present 
y invention can he produced hy a process comprising , for example , 

%l 5 the steps of s 

(i) heating and softening the crystalline olefin resin 

yj 

01 to obtain a sheet thereof: and 

fy (i-i) thermof orming the sheet with a thermof orming mold 

I ,^ having a surface roughness (Ra) of not more than 0.1 Mm to 

fy 1^ obtain a thermof ormed article having a surface roughness (Ra) 

p2 of not more than 3lim, 

The above step (±) can be carried out, for example, by 
contacting a molten product of the crystetlline olefin resin 
extruded frofu a T die with a flat surface such as a surface 
15 of a roll or a belt, which has a surface roughness of not 
more than 2 Mm, and preferably not more than 0.4 Mm. The non- 
stretched^ sheet obtained in the step (i) can be used in the 
next step (ii) - 

A temperat\ire of the sheet thermoformed in the above 
20 step (ii) usually ranges from a temperature lower by 20^1 than 
a melting point of the crystalline olefin resin to a 
temperature higher by loT^ than the melting point of the 
crystalline olefin resin , preferably from a temperature lower 
by ist; than said melting point to a temperature higher by 
than said melting point, and more preferably from a 
temperature lower by 15*C than said melting point to the 
melting point of the crystalline olefin resin. Xn the step 
(i^)' preferable to cool quickly the sheet of the 
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crystalline olefin resin after its thermof orming . In order 
to cool tlie sheet quickly, it is preferable to keep a 
temperature of the thermof orming mold from lO to 80*0, and 
preferably from 20 to 30*0. Further, in order to carry out 
tile quick cooling, it is preferable to bring the thermof ormed 
article formed into a desired shape into contact with a fluid 
such as air and water of a low temperature as 10 to 20*C* 

The thermof orming can be carried out according to, for 
example, a vacuum molding method « a press molding method, 
a vacuum press molding method or a plug assist molding method. 
Of these, a vacuum press molding method is preferred. 

The laminated molding article according to the present 
invention comprises the above-mentioned thermoformed 
article and a substrate containing a crystalline olefin resin • 
Here, the "crystalline olefin resin" used for the substrate 
means the same crystalline olefin resin as that used for the 
production of the thermoformed article . Preferred resins used 
for the substrate are those capable of adhering easily to 
the thermoformed article. More preferred resins are those 
capable of melt-adhering to the thermoformed article. From 
a viewpoint of easy adhesion of the thermoformed article to 
the substrate, it is particularly preferred that the resin 
used for the thermoformed article is tJtie same as or similar 
to that used for the substrate. 

A laminated molding article in accordance with the 
present invention can be produced by a process comprising, 
for example, the steps: 

(i) heating and softening a crystalline olefin resin 



to obl:a±ii a elieel: tliereof i 

(i±) thermof ormlng the sheet with a themof onning mold 
having a suxfaca xroughnefis (Ra) of not more theui to 
obtain a thermoformed article having a surface roughness (Ra) 
of not more than 3//ni; 

(ill) setting the thermof ormed article on a cavity side 
of a mold; and 

(±v) injecting a molten crystalline ole£ln resin into 
the mold to obtain a laminated molding article . which contains 
the injected resin as a substrate and the thermof ormed article 
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Q bonded with the substrate. 
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In view of the objects of the present invention, the 

thermof ormed article in the step (ill) must be set so that 

its surface having a surface roughness (Ra) of not more than 

3 Um becomes a surface of the laminated molding article 
obtained. 

A molding method in the step (iv) may be, for example, 
an injection molding method, an injection compression molding 
method and an injection press molding method. A temperature 
of the resin injected in the step (iv) is usually not lower 
than a melting point thereof , and preferably not lower than 
200*C- A temperature of the mold in the step (iv) is usually 
from 20 to eo^C, and preferably from 30 to AOX^ ^ a surface 
of the mold is preferably even, and a surface roughness (Ra) 
25 thereof Is preferably not more than 0.1/tm, more preferably 
not more than O.OBilm^ and much more preferably not more than 
O ,06 Mm. 

•The laminated molding article in accordance with the 
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present invention , especiaXly the laminated molding articlt 
comprising (i) a multi-layered thertnof ormed article 
containing a decorated sheet such as a colored sheet, £ 
grained sheet, a metallic sheet and a carbon sheet, and (ii; 
a substrate^ can be used particularly suitably for car parts 
such as a center cluster. 

Examples 

The present invention is illustrated with reference t< 
Examples, which are not to be construed as limiting the 5cop< 
of the present invention. Evaluation methods are as follows. 

1 . Surface roughness 

A central line average roughness, Ra, was measurec 
according to JIS B0601 using a microscope for sxirfacc 
measurement, type VF-750O, manufactured by KEYENCI 
CORPORATION . 

2 . Glossiness 

Visually measured. Glossiness when recognized is 
marked with O. and when not recognized is marlced with X . 



3 . Haze 

According to JIS K7105, a total haze and an inner haz< 
25 were measured. 

4 . Whiteness 

According to JIS L0803, a value of "L X a X b" wa« 
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measuirecl. 



Example 1 

Using an extruder, a mixture of 100 parts by weight of 
a propylene taomopolymer and 0 . 3 part by weight of a nucleating 
agent was extruded at 21o'C through a coat hanger die having 
a lip aperture of 0.4 nan, thereby obtaining a film- like 
product. The film-lixe product was continuously contacted 
with a surface of a steel made specular belt having a surface 
roughness (Ra) of O. 4/Zm, which belt was kept at a temperature 
of laolC, thereby performing solidification. The sollflified 
film- like product was continuously drawn at a speed of 8 
m/min. . thereby obtaining a sheet having a thickness of 0.224 
mm, a total haze of 3.2*. an inner haze of 2.5* and a surface 
roughness (Ra) of 0.03«m. In the above, as the propylene 
homopolymer. a polymer having a specific viscosity of 1.6 
dl/g, a melt flow rate (MPR) of 8.0 g/10 min. , a riieltlng point 
of leelC. a 23t; flexural modulus of 1600 MPa and an mmmm 
pentad « of 0.97, manufactured by Sumitomo Chemical Co. . Ltd. 
was used. As the nucleating agent, sodium 2,2- 
methylenebia(4.6-dx-t-butylphenyl)phosphate, a trade mark 
of ADK STB NA-21. manufactured by Asahi Denka Kogyo K.K. was 
used . 

The sheet obtained was softened at its surface 
temperature of 153^ using an Infrared heater. The surface 
temperature is hereinafter referred to as sheet temperature. 
The sheet softened was brought into contact with a surface 
of a box form thermoforming mold, which surf ace was kept at 



24*0. Immediately after the contact, a cold wind of IS^C wai 
blown to tHe sheet. Whereby, the sheet was thermoformed ±ntc 
a box form article. Results are as shown in Tables 1 and 2. 
The surface roughness and the glossiness shown in Table 2 
are those of the surface of the thermof ormed article obtained. 
Which surface was subjected to contact with the mold. Here, 
the thermof orraing mold used was prepared by covering a surface 
of a thermosetting resin made box with an aluminum sheet 
having a thickness of 300 wm. Said thermof orming mold had a 
Size Of 180 mm X 125 mm X 40ram in box form, and a surface 
roughness (Ra) of o.oe/im. 

Example 2 

Example 1 was repeated, except that the sheet 
temperature was changed to 1.71X: . and no cold wind was blown, 
thereby obtaining a thermpf ormed article. The results are 
as shown in Tables 1 and 2. 

Example 3 

Example i was repeated, except that the sheet 
temperature was changed to neX^, the surface temperature of 
the thermof orming mold was changed to 34*0, and no cold wind 
was blown, thereby obtaining a thermof ormed article. The 
results are as shown in Tables 1 and 2. 

Example 4 

Example 1 was repeated, except that the sheet 
temperature was changed to 157-0, the surface temperature of 



the thereof orming mola was changed to 50"C, ana no cold wind 
was biown, the^reby obtaln±ng a thennoformed article. The 
results are as shown tn Tables 1 and 2. 

Example 5 

Example i was repeated, except that the sheet 
temperatuxe was changed to 172*C, the surface temperature of 
the therrooforming mold was changed to 8010, and no cold wind 
was blown, thereby obtaining a thexmoformed article. The 
results are as shown in Tables 1 and 2. 

Comparative Example 1 

Example 1 was repeated, except that a thermoforming 
mold having a surface roughness (Ra) of 32.o;£m was used, 
thereby obtaining a thexmoformed article. The results are 
as shown in Tables 1 and 2. 

Comparative Example 2 

Example 1 was repeated, except that a thermof orming 
mold having a surface roughness (Ra) of 32.0 Mm was used, the 
sheet temperature was changed to 171 *C . the surface 
temperature of the thermof orming mold was changed to 25^:, 
and no cold wind was blown, thereby obtaining a thexmoformed 
article. The results are as shown in Tables 1 and 2. 

Comparative Example 3 

Example 1 was repeated, except that a thermof ozmlng 
mold having a surface roughness (Ra) of 32.0Wm was used, the 



sneet temperature was ohanged to 176 t: , the surface 
temperature of the thermof ormlng mold was changed to 50*0. 
and no cold wind was tolown. thereby obtaining a thenuoformee 
article. The results are as shown in Tables 1 and 2. 

Comparative Example '4 

Example 1 was repeated, except that a thermof orming 
mold having a surface roughness (Ra) of 32.0jtim was used, the 
sheet temperature was changed to 1S7 , the surface 
temperature of the thermof orming mold was changed to SSt: . 
and no cold wind was blown, thereby obtaining a thermof ormed 
article. The results are as shown in Tables 1 and 2. 

Comparative Example 5 

Example 1 was repeated, except that a thermof orming 
mold having a surf ace roughness (Ra) of 32.0jttm was used, the 
Sheet temperiature was changed to 172 . the surface 
temperature of the therroof orming mold was changed to 9SX: . 
and no cold wind was blown, thereby obtaining a thermof ormed 
article. The results are as shown in Tables 1 and 2- 

Example 6 

The same mixture of the propylene homopolymer and the 
nucleating agent as that used in Example l was extruded in 
the same manner as in Example i. thereby obtaining a 
transparent sheet having a thickness of 0.12 mm. 

On the other hand, a propylene homopolymer having an 
MPR of 0.5 g/io min. . a trade mark of Sumitomo Noblen FH1016, 



manufacture by Sumitomo Chemical Co. . Ltd. . which was ooloret 
blaclc, was extruded in a manner similar to that of Example 
1. thereby obtaining a black sheet having a thickness of 0.2- 
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The above transparent sheet and the above black sheet. 
Which black Sheet was coated in advance with an adhesive ol 
chlorinated polypropylene, were bonded with each othei 
through pressing for 5 minutes at lO0*C under pressure of £ 
MPa, thereby obtaining a two layered sheet. The obtained twc 
layered sheet was found to have a whiteness measured at the 
transparent layer side of 8.65, and a surface roughness (Ra) 
measured at the transparent side of 0.04/^m. 

In a manner similar to that of Example 1, the above two 
layered sheet was softened through heating at 16 3 "C, the 
transparent layer side thereof was brought into contact with 
a surface of the theimof orming mold kept at its surface 
temperature of 36X: , and immediately after the contact , a cold 
wind of 15*0 was blown thereto, whereby the sheet was 
thermoformed into a box form article. As shown in Table 3. 
the thermoformed article was recognized to have glossiness. 
A whiteness of said thermoformed article measured on its 
transparent layer side was found to be 7.14, and a surface 
roughness thereof measured on its transparent layer side was 
found to be O.03/«m. 

The black layer side of the thermoformed article was 
Closely faced and fixed to a wall surf ace of an injection 
molding mold having a shape almost the same as that of the 
thermoformed article, which wall surface had a surface 



roughness of o.06Am. Thereafter, the mold was closed, anc 
a propylene polymer composition was Injected xnto a spac€ 
formed between the thermof ormed article and the wall surface 
of the mold to Obtain a laminated molding article having the 
propylene polymer layer, the black sheet and the transparent 
Sheet in thl« order. The above mentioned propylene polymer 
composition was obtained according to Example 1 of JP-A 
11-29690, which had an MFR of 30 g/lo min. and a 23*C f lexural 
modulus Of 2400 MPa. The molding machine used for the 
above-mentioned injection was an injection molding machine, 
a trade marlc of FS160S25ASEN, manufactured by Nissei Plastic 
Industrial Co., Ltd. A temperature of the above propylene 
polymer composition at the time of injection molding was 220-0, 
and a mold temperature was 40'C . A surface roughness of the 
laminated molding article obtained, glossiness thereof and 
a whiteness thereof are as shown in Table 3. 

Comparative Example 6 

Example 6 was repeated, except that the sheet 
temperature of the two layered sheet was changed to mX^ , 
and a thermof oxming mold having a surface roughness of 32.0 
Um was used, thereby obtainUig a laminated molding article. 
Results are as shown in Table 3. 
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